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DESIGN     OP     STEEL     WORK     FOR     AN     OFFICE  BUILDING. 


Art.     1.  INTRODUCTION. 

Statistics  show  that  the  fire  losses,  in  the  United  States, 
are  steadily  increasing  with  the  development  and  population  of 
the  country;  and  in  view  of  this  fact  a  new  field  has  "been  re- 
cently opened  in  connection  with  building  construction,  namely 
that  of  fireproof ing. 

The  earliest  "buildings  of  a  fireproof  nature  in  this  country 
were  probably  those  used  for  public  purooses,  and  for  these  ample 
funds  and  large  areas  were  allowed.  They  were  usually  of  moderate 
height,  and  built  of  solid  stone  and  brick  arch  construction  mak- 
ing them  fireproof.     In  this  form  of  construction  much  valuable 
room  is  wasted  by  being  taken  up  by  thick  walls  and  floors.  A 
tall  building  of  this  nature  would  require  very  thick  walls  in 
the  lower  floors,  especially  in  the  first  story  and  basement. 
This  would  not  do  in  our  large  cities  at  the  present  time,  where 
the  ground  area  is  limited  in  the  business  district,  and  where 
the  floor  space,  especially  in  the  first  floor  and  in  the  base- 
ment is  so  valuable.     It  is  the  amount  of  floor  space  and  the 
height  above  the  ground  level,  uDon  which  the  rent  of  offices  is 
based,  the  lower  floors  being  more  desirable  than  the  upper  ones. 
It  was  therefore  this  fact  that  created  a  demand  for  some  other 
form  of  construction  by  which  the  area  wasted  in  building  the 
thick  walls  and  floors  could  be  available  for  other  purposes. 

Some  material  which  could  resist  fire  was  of  course  needed 
and  therefore  steel  was  substituted  for  the  stone  and  brick. 
By  actual  tests  of  fire  it  was  found  that  steel  alone  would  not 
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make  a  fireproof  construction  so  a  covering  of  terra  cotta  was 
added.     Many  forms  and  processes  of  manufacture  are  used  in  the 
making  of  this  covering,  but  will  not  he  discussed  in  this  paper. 
The  design  of  the  steel  skeleton  will  he  the  subject  since  it  is 
that  part  of  the  construction  that  carries  all  the  loads  which 
come  upon  the  building. 

Art.  2.     GENERAL  DATA. 

The  building  for  which  the  steel  work  is  to  be  designed  is 
a  five  story  and  attic  office  building.     The  building  is  seventy- 
seven  feet  and  nine  inches  long  by  forty-seven  feet  wide,  end 
has  a  flat  roof  over  most  of  it  with  the  exception  of  a  slight 
slope  on  three  sides  as  shown  in  Pig.l.    Plate  I  gives  a  general 
plan  of  the  building. 

In  order  to  design  the  members  used  in  the  frame  work  it  is 
necessary  to  determine  the  load  which  comes  upon  the  building. 
These  loads  are  divided  into  dead  and  live  loads,  or  those  that 
are  always  on  the  building  and  those  that  are  liable  to  come  on 
the  building  at  any  time.     The  dead  load  consists  of  the  weights 
of  the  members  themselves,  the  floor  construction,  partitions, 
masonry  in  the  spandrels,  trusses,  roofing,  glass  and  all  sta- 
tionary or  permanent  loads.    The  live  loads  are  the  moving  loads 
or  those  that  are  not  on  the  building  at  all  times  and  are 
subject  to  change  both  in  weight  and  location  such  as  office 
furniture,  safes,  wind,  and  people. 

Art.  3.     DETERMINATION  OF  ROOF  LOADS. 
In  figuring  the  loads  it  is  necessary  to  begin  at  the  top 
and  work  down  since  the  loads  of  the  roof  and  upper  stories  are 


carried  down,  by  the  columns,  to  the  footings.     The  dead  load  of 
the  roof  will  be  figured  first,  and  the  method  of  doing  this  is 
to  find  the  weight  per  square  foot  of  the  truss,  purlins,  and 
covering,  and  multiply  it  by  the  square  feet  of  the  roof  area. 
ihe  roof  is  supported  by  trusses,  since  the  attic  floor  is  to 
have  as  little  obstruction  as  possible,  no  columns  being  allowed 
to  pass  through  the  center.     Since  the  truss  cannot  be  designed 
until  after  the  loads  that  come  upon  it  are  figured  the  exact 
weight  cannot  be  obtained,  but  one  must  be  assumed  from  other 
trusses  of  about  the  same  span  that  has  already  been  built.  The 
covering  is  to  be  asphalt  or  a  composition  roof.     The  weight 
including  trusses  and  purlins  will  be  taken  as  forty  pounds  per 
square  foot  of  roof  surface.     In  order  to  take  care  of  loads 
that  might  come  upon  the  roof  at  any  time,  such  as  snow  and  wind, 
a  live  load  of  forty  pounds  per  square  foot  is  assumed  on  the 
roof  joists,  to  provide  for  a  maximum;  and  thirty  and  twenty-five 
on  the  girders,  or  trusses,  and  columns  respectively. 

Art.  4.   DETERMINATION  OP  FLOOR  LOADS. 
The  floor  loads,  like  the  roof  loads,  are  made  of  dead  and 
live  loads.  The  dead  load  is  figured  by  taking  a  section  or  bay, 
between  four  columns  and  calculating  the  actual  weight.     The  two 
beams  between  the  columns  parallel  to  the  length  of  the  building 
will  be  taken  as  girders  and  the  floor  beams  will  frame  into 
these  as  shown  in  Plates  I,  II,  III  and  IV.  The  distance  between 
floor  beams  is  five  feet  and  six  inches,  two  beams  being  placed 
in  the  bay  so  that  none  will  come  at  the  center  of  the  girder  or 
be  less  than  six  feet  center  to  center.     The  floor  is  of  a  ten 


inch  end  construction  tile  arch,  a  side  and  an  end  view  "being 
shown  in  Pig.  2  and  3.  The  weight  per  square  foot  of  this  floor 
is  determined  as  follows.     The  actual  weight  of  the  tile  in  the 
arch  is  thirty-three  pounds  per  square  foot.     The  steel  will  he 
assumed  to  consist  of  three  nine-inch  twenty-one  pound  I-beams 
and  one  fifteen-inch  forty-two  pound  I-beam  making  a  total  weight 
of  about  seventeen  hundred  pounds*     The  area  of  the  bay  is  two 
hundred  and  sixty-four  square  feet  and  dividing  the  total  weight 
by  this  will  give  a  weight  of  seven  pounds  per  square  foot  for 
the  steel. 

The  deadening  to  be  used  as  shown  in  Pig.  2  and  3  is  one 
inch  of  stone  concrete  and  two  inches  of  cinder  concrete.  Stone 
concrete  weighs  about  150  pounds  per  cubic  foot  and  cinder  con- 
crete about  75  pounds  per  cubic  foot,  making  a  total  of  about 
twenty-four  pounds  per  square  foot*      Seven  eights  of  an  inch 
maple  flooring  is  used  and  weighs  about  four  pounds  per  square 
foot.     The  plastering  on  the  ceiling  will  be  taken  as  weighing 
about  five  pounds  per  square  foot  of  surface. 

In  an  office  building  of  this  type  the  partitions  are  usual- 
ly left  out  until  rented  or  so  arranged  that  they  may  be  moved 
around  and  arranged  by  the  occupants  to  suit  their  needs.  This 
makes  an  additional  dead  load  on  the  floor, and  in  this  case  it 
will  be  assumed  to  be  seventeen  pounds  per  square  foot.  This 
makes  a  total  of  ninety  pounds  per  square  foot  as  the  weight  of 
the  floor. 

The  live  loads  on  the  floor  are  assumed  and  are  taken  large 
enough  to  provide  for  the  maximum  that  might  be  expected  to  come 
on  the  floor  any  time.     In  most  cities  the  building  laws  require 


or  specify  a  certain  live  load  for  each  class  of  building.  This 
load  varies  in  different  cities  and  in  almost  every  case  is  as- 
sumed very  much  too  large.     The  maximum  load  in  the  wholesale 
warehouse  of  Marshall  Field  and  Co.  in  Chicago  was  found  to  he 
only  57  pounds  per  square  foot  on  limited  area.     However,  it  is 
necessary  to  provide  more  than  this  in  order  to  he  on  the  safe 
side.     The  live  loads  per  square  foot  on  the  floor  beams  of  this 
building  will  therefore  be  assumed  as  follows:  For  the  attic 
floor,  fifty  pounds,  for  the  fifth  to  the  second  floor  inclusive, 
seventy  pounds,  and  for  the  first  floor  one  hundred  and  twenty- 
five  pounds. 

The  dead  load  on  the  girders,  columns  and  footings  will  be 
the  same  as  figured    for  the  floor  beams  since  the  girders  carry 
the  floor-beams  which  in  turn  carry  the  floor.     Also  the  columns 
and  footings  carry  the  floor-beams  and  girders  and  therefore 
carry  the  same  dead  load. 

Art.  5.     DETERMINATION  OF  THE  COLUMN  LOADS. 
The  live  loads  on  the  girders  and  columns  are  figured  some- 
what differently  than  those  on  the  floor-beams.     The  girders 
carry  the  floor-beams  and  since  they  are  fewer  in  number  and 
farther  apart  they  are  not  subjected  to  as  much  live  load  as  are 
the  floor  beams.     Just  what  percentage  they  carry  compared  to  the 
floorbeams  is  hard  to  calculate.     About  eighty  percent  of  the 
live  load  on  the  floor  beams  appears  to  be  a  good  portion  and 
one  that  has  been  used  satisf actorly.     Eighty  percent  will  there- 
fore be  used  for  the  design  of  the  girders  and  this  gives  the 
following  weights  per  square  foot  for  the  different  floors:- 
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Porty  pounds  for  tho  attic  floor,  fifty  pounds  for  the  fifth  to 
the  second  floor  inclusive,  and  one  hundred  pounds  for  the  first 
floor* 

About  fifty  percent  of  the  live  load  on  the  floor  beams  is 
taken  as  the  live  load  on  the  columns  for  the  upper  stories  and 
is  reduced  about  five  percent  for  each  floor  down.  The  reason  for 
this  reduction  is  that  the  live  loads  on  the  upper  floors  are 
carried  down  and  it  is  not  probable  that  any  one  column    will  be 
loaded  with  a  maximum  live  load  at  every  floor.     The  live  load 
for  the  attic  story  columns  will  be  assumed  as  twenty  five  pounds 
per  square  foot,  for  the  fifth  story,  thirty  pounds,  for  the 
fourth  story,  forty  five  pounds,  for  the  third  story  thirty  five 
pounds,  for  the  second  story  twenty  five  pounds,  for  the  first 
story  twenty  pounds  and  for  the  basement  story  columns  fifteen 
pounds  per  square  foot. 

Art.  6.  DETERMINATION  OP  LOADS  FOR  FOOTINGS , SIDEWALKS  AND  STAIRS. 
No  live  load  will  be  figured  for  the  footing,  the  dead  load 
only  being  figured  and  this  is  taken  as  the  dead  load  of  the 
floors. 

The  dead  load  of  the  sidewalk  per  square  foot  is  the  actual 
weight  of  the  concrete  and  steel.     The  sidewalk  is  six  inches 
thick  and  one  square  foot  of  this  thickness  will  weigh  twenty- 
five  pounds.     The  steel  will  weigh  approximately  ten  pounds  per 
square  foot  making  a  total  weight  of  eighty-five  pounds  per  square 
foot.      The  live  load  will  be  taken  as  three  hundred  pounds  per 
square  foot  to  provide  for  any  possible  load  that  may  come  upon 
it. 
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The  live  load  on  the  stairs  will  be  taken  as  one  hundred 
pounds  per  square  foot  and  the  dead  load  as  about  twenty-five 
pounds  per  square  foot.     The  dead  load  is  the  weight  of  the 
stringers,  risers  and  treads.     The  marble  weighs  about  fifteen 
pounds  per  square  foot  and  the  steel  about  ten  pounds  per  square 
foot  making  a  total  of  twenty-five  pounds. 

Table  I  gives  all  these  dead  and  live  loads  that  come  upon 
the  beams,  girders,  columns  and  footings  for  all  the  floors 
including  the  roof.     It  also  gives  the  live  and  dead  loads  for 
the  sidewalk  and  stairs.     A  good  idea  of  the  amount  of  load  and 
the  distribution  of  the  same  can  be  readily  seen  by  turning  to 
this  table. 

Art.  7.  ELEVATOR  LOADS. 
The  load  of  the  elevator  on  the  columns  is  found  by  doubling 
the  weight  of  the  moving  parts  of  the  elevator,  such  as  car-load 
and  counter  weight,  and  adding  fifty  percent  to  the  weight  of 
machinery  and  hangings  to  cover  impact.     The  distribution  of  the 
load  is  shown  in  Fig.  4.    This  method  of  figuring  the  loads  is 
used  by  the  Otis  Elevator  Company  for  elevators  with  the  driving 
machinery  on  the  roof. 

Art.  8..   SPANDREL  LOADS. 
The  weight  or  load  on  the  spandrel  girders  will  be  the  dead 
load  weight  of  the  spandrel.     This  includes  the  weight  of  the 
masonry,  terra  cotta,  the  glass  and  sash,  and  steel.     One  of  the 
spandrel  sections  will  be  figured  in  order  to  show  the  method  of 
proceedure.     Refering  to  Pig.  10  a  better  idea  of  the  fifth  floor 
spandrel  section  can  be  had.     The  cross  section  area  of  this 
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spandrel  Is  eighteen  square  feet,  being  eleven  feet  in  height  and 
approximately  fifteen  inches  thick.     This  includes  that  part  of 
the  terra  cotta  which  projects  beyond  the  front  wall.     There  are 
three  windows  in  the  spandrel  the  glass  of  which  is  26  by  60 
inches.     Adding  eight  inches  to  the  width  and  eleven  to  the 
length  gives  a  total  brick-opening  of  about  fifty  square  feet. 
The  cross  section  of  the  columns  is  assumed  to  be  about  six 
square  feet  and  are  eleven  feet  long. 

The  weight  of  the  masonry  and  terra  cotta  in  the  spandrel  is 
estimated  as  follows:     terra  cotta  and  brick  backing    112  pounds 
per  cubic  foot,     glass  and  metal  sash  5  pounds  per  square  foot  of 
surface.     There  are    18  x  10.75=  198    cubic  feet  of  brick  and 
terra  cotta,  and  from  this  is  subtracted    50  x  1.25  =  62.5  cubic 
feet  for  windows.     The  amount  to  be  added  for  the  columns  is 
11  x  6  =  66  cubic  feet.     The  total  munber  of  cubic  feet  of  brick 
and  terra  cotta  in  the  section  is    198  +  66  -  62.5  =  202.  The 
weight  of  the  terra  cotta  and  brick  is    202  x  112  =  22,650  pounds; 
the  weight  of  the  glass  and  sash  is    50  x  5  =  250  pounds,  making 
a  total  weight  of  22,900  pounds. 

Art.  9.    DESIGN  OF  THE  ROOF  TRUSSES. 

After  the  loads  that  come  on  the  roof,  floor  beams,  girders, 
columns  and  footings  are  figured  the  next  step  is  to  design  these 
members.  The  same  outline  will  be  follo?;ed  as  was  used  in  deter- 
mining the  unit  loads.  The  roof  will  be  designed  first,  then  the 
floor  beams,  girders,  columns,  spandrels,  and  finally  the  footings. 

The  stress  diagram  of  ths  roof  truss  "A"  is  shown  in  Fig.  5. 
The  member    X  -  9    of  this  truss  will  now  be  designed.     Since  the 
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member  is  in  compression  the  allowable  unit  stress  will  be  some- 
what reduced.     It  is  based  on  the  formula: 

S    =  16,000  -  70  X  l/r 

in  which 

1  =  Length  of  the  member  in  inches; 
r  =  Least  radius  of  gyration. 

The  least  radius  of  gyration  shall  not  be  less  than  1/125. 
In  this  case  "1M  is    11  x  12  =  132  inches  and  the  least  radius 
of  gyration  is    132/125  =  1.06 

Two  angles    4  x  3  x  7/16    placed  back  to  back  will  be  tried. 
The  long  legs  will  be  placed  together  with  a  space  of    3/8  inches 
between  them.     The  area  of  the  two  angles  is    5.74    square  inches 
and  the  least  radius  of  gyration  is    1.26.    The  allowable  unit 
stress  as  figured  from  the  formula  is    16,000  -  70  x  132/126  = 
8,660  pounds.     The  stress  is    44,900    pounds  and  the  required 
area  is    44,900/8,660  =5.17  square  inches.     As  this  is  very  near 
the  area  of  the  two  angles  assumed,  they  will  be  used  for  this 
member. 

Member    A  -  9    is  a  tension  member  and  has  a  stress  of 
31,700    pounds.     The  allowable  stress  is    16,000  pounds  per 
square  inch.     The  required  area  is    31,700/16,000  =  2.0  square 
inches.     The  gross  area  of  a    4  x  4  x  3/8  angle  is    2.86  square 
inches  and  from  this  is  subtracted  the  area  of  one  unit  hole. 
The  net  area  is     2.86  -  (3/4  +  l/8)  x  3/8  =  2.53  square  inches. 
This  is  greater  than  the  required  area, and  these  angles  will 
therefore  be  used. 

The  other  members  of  the  trusses  are  designed  in  a  similar 
manner.     The  stresses  in  and  the  sizes  of  the  members  are  given 
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The  design  of  the  purlins  is  ns  follows:     the  distance  center 
to  center  of  trusses  is    14  feet    9  inches,  and  the  panel  length 
is    7  feet    6  inches,  making  an  area  of    14.75  x  7.5  =  110.6 
square  feet.     From  Table  I  the  load  is    80  pounds  per  square  foot. 
The  total  panel  load  is     110.6  x  80  =  8,850  pounds  or    4.43  tons. 
From  the  Carnegie  handbook  page  71  an  8 -inch , 18-pound  I-beam 
will  carry  a  uniform  load  of    5.06  tons  safely  for  a  span  of  15 
feet,  and  since  a  7- inch,  20 -pound  I-beam  will  not  carry  the  load 
of    4.43  tons  this  will  be  used.     The  other  roof  joists  are  de- 
signed in  the  same  way.  The  sizes  are  given  in  Fig.  6. 

Art.  10 ♦  DESIGN  OF  THE  FLOOR  BEAMS. 
There  are  several  methods  of  designing  the  floor  beams. 
These  are  by  taking  either  the  safe  load  on  the  beam,  the  max- 
imum moment,  or  the  section  modulus  method.    This  last  method 
will  be  used  in  the  design  of  the  floor  beams,  and  those  in  the 
bay    between  columns    5,6,7  and  8  for  the  fifth  floor  will  be  the 
ones  designed. 

The  formula  used  in  the  design  of  the  floor  beams  is: 

S  =  M/f 

in  which 

M  =  The  bending  moment  in  inch-pounds; 
S  =  Section  modulus  in  inch  units; 

f  =  Allowable  unit  stress  per  square  inch  in  extreme 
fibres,  usually  taken  at    16,000  pounds  per  square 
inch. 

But    M  =  Wl/8    for  a  beam  supported  at  both  ends  and  uniformly 
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loaded,     "f    being  the  total  load  in  Dounds.  Hence 

S  =  Wl  x  12/8f 
=  3Wl/2f 

Also,  as    W  =  dwl,  the  formula  becomes: 

S  =  3dwl2/Sf 

in  which 

d  ss  Distance  center  to  center  of  beams,  in  feet; 
w  =  Load  per  square  foot  in  pounds, 
Refering  to  Table  I  it  will  be  seen  that  wwH     the  load  per 
square  foot  in  pounds  for  the  fifth  floor  is    160,  and  the  dis- 
tance center  to  center  of  beams  is    5.5  feet.     Here    1  =  16  feet 
and  substituting,  in  the  above  formula 

S  =  3  x  5.5  x  160  x  256/  2  x  16,000 
=  21.15  • 

From  the  Carnegie  hand  book,  page  98,  the  section  modulus 
nearest  this  is  22.6  which  is  for  a    9 -inch    30-pound  I-beam. 
Since  this  is  nearest  to  the  value    21.15  this  beam  will  be  used. 

The  floor  beams  for  the  other  bays  and  the  other  floors  are 
designed  in  the  same  way,  the  only  difference  being    in  the  load 
MwM  and  distance  center  to  center  of  beams.     For  the  size  of 
beams  see  floor  framing  plans,  Plates    I  to  V, 

Art.  11.   DESIGN  OF  THE  FLOOR  GIRDERS. 

The  floor  girders  will  be  designed  by  the  section  modulus 
method  in  a  similar  manner  as  the  floor  beams.  The  loading  on 
these  girders  is  somewhat  different  from  that  of  the  floor  beams, 
in  that  the  load  from  the  floor  beams  is  concentrated  at  two 
points 

The  live  load  on  the  girders  for  the  same  bay,  as  taken 
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above  for  the  floor  beams,  is  taken  from  Table  I,  and  is  140 
pounds  per  square  foot.     The  concentrated  load  on  the  girder 
at  the  third  points  is,  see  Fig.  7,  5.5  x  15.5  x  140  =  1195 
pounds,  say  12000pounds.     The  reaction  is: 

R  ■  12000  X  11.0  -  12000  x  5.5/16.5 
=  12000. 

The  moment  at  the  center  of  the  beam  is  12000  x  8.25 
-  12000  x  2.75  =  66000  pound  feet,  and  the  moment  under  one 
load  is  12000  x  5.5  =  66000  pound  feet.     The  moment  in  pound 
inches  is  66000  x  12  =  792000.     The  section  modulus  "S"  is 
792000/16000  =  49.5.     Page  98,  Carnegie  handbook,  gives  the 
section  modulus  of  a  15-inch  42-pound  I-beam  as  58.9,  and  since 
this  is  the  nearest  to  49.5  this  beam  will  be  used.  The 
remaining  girders  are  figured  in  a  similar  manner,  and  are 
given  on  floor  framing  plans.     Table  I  and  the  floor  plans 
will  give  the  loading  and  lengths. 

Art.  12.     DESIGN  OP  COLUMNS. 
There  are  several  forms  of  steel  columns  used  in  building 
construction,  the  more  prominent  forms  now  used  being  channels 

connected  by  plates  or  lattice,  plate  and  angles  in  various 
forms,  and  Z-bar  columns.     For  light  loads  and  a  building  of 
this  height  channel  columns  are  the  most  common  sections 
employed.     Channels  placed  back  to  back  and  connected  by  plates 
will  be  used  for  the  columns  for  this  building. 

The  loads  on  the  column  are  those  of  the  roof,  spandrels, 
floor,  column  casing,  weight  of  columns  above,  and  elevator 
and  tank  loads.     The  live  load  on  the  column  is  taken  as  about 
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fifty  per  cent  of  the  load  on  the  floor  as  will  be  seen  in 
Table  I. 

Probably  the  best  way  to  describe  the  method  of  designing  a 
column  is  to  take  one  and  carry  out  the  computation.  Column 
No.  2  will  be  taken  as  an  example  since  it  is  a  typical  one. 
The  columns  will  be  taken  as  extending  through  two  stories,  since 
this  eliminates  the  connection  at  every  other  floor  and  tends  to 
make  the  column  more  rigid.     The  size  of  the  column  should  be  so 
proportioned  that  the  least  radius  of  gyration  is  greater  than  the 
length  in  inches  divided  by    one  hundred  and  twenty  five. 

The  Carnegie  Steel  Company's  handbook,  pages  137  to  142, 
gives  the  safe  loads  in  tons  of  2J300  pounds  for  these  channel 
columns  with  square  ends#     A  factor  of  safety  of  four  is  used, 
and  the  allowable  unit  stress  is  figured  from  the  formula 
S  =  17,000  -  57  x  l/r  for  lengths  over  90  radii  and  less  than 
125  radii. 

The  columns  are  spliced  at  the  second  and  fourth  floors. 
These  splices  will  be  placed  about  one  foot  above  the  floor  line. 
This  will  make  the  length  of  column  No  2  as  follows:  the  first  and 
basement  story  section  32  feet,  the  second  and  third  story 
section  22  feet  and  the  fourth  and  fifth  story  section  25  feet. 

The  loads  in  the  fourth  and  fifth  story  column  No.  2  are: 
roof  load  of  22,200  pounds,  weight  of  attic  floor  spandrel  = 
12,200  pounds,  attic  floor  load  114  x  100  =  11,400  pounds,  fifth 
floor  spandrel    22,800  pounds  and  weight  of  column  estimated  to 
to  be    400  pounds,  making  a  total  weight  of    85,400  pounds  or 
42.7  tons. 

The  length  of  this  column  is  twenty  five  feet  and  therefore 
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th  e  least  radius  of  gyration  cannot  "be  less  than    25  x  12  /  125  = 
2.4  .     On  page  138  of  the  Carnegie  handbook  it  will  he  seen  that 
two  7-inch    9.75-pound  channels  connected  by  two    l/4  inch  plates 
have  a  least  radius  of  gyration  of  2.67  and  will  carry  safely  a 
load  of    55.9  tons  for  a  length  of  26  feet.     As  this  is  the 
lightest  section  that  will  carry  the  load  safely  it  will  he  ueed. 

The  second  and  third  story  sections  of  this  same  column  is 
designed  in  a  similar  manner.     The  spandrel  loads,  floor  loads, 
weight  of  columns  and  the  load  of  the  column  alone  are  used  in 
designing  this  part  of  the  column.     There  are:  load  from  column 
alone  =  85,400  pounds,  third  and  fourth  floor  loads  =  27,400 
pounds  and  weight  of  third  and  fourth  floor  spandrels  =  43,300 
pounds,  making  a  total  weight  of    157,100  pounds  or    78.55  tons. 

The  length  is  twenty-two  feet  and  the  least  radius  of  gyra- 
tion   is    22  x  12  /  125  =  2.12.     Two  8-inch  11.25-pound  channels 
connected  by  two    3/8  inch  plates  have  a  least  radius  of  gyration 
of  3.01  and  carries  safely  a  load  of    85.2  tons.     This  section 
will  be  used. 

The  bottom  length  of  the  column  is  designed  in  this  same 
manner.     The  total  load  on  it  is    227,500  pounds  or    113.75  tons. 
Two    10-inch    15-pound  channels  connected  by  two  l/2  inch  plates 
will  carry  the  load  safely  and  will  therefore  be  used. 

The  remaining  columns  are  designed  in  a  similar  manner. 
The  loads  and  sections  used  are  found  on  the  column  sheets. 

Art.  13.     DESIGN  OF  FOOTINGS. 

The  total  dead  load  of  the  roof,  floors,  spandrels  and 
columns  is  carried  to  the  footing.    No  live  load    is  considered 
in  the  design  as  is  seen  in  Table  I. 
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Th  e  total  load  on  the  footing  for  column  No.  2  is  taken 
from  the  column  sheet  and  is    19,820  pounds  or    99.1  tons.  The 
allowable  hearing  on  concrete  is  from  5  to  15  tons  per  square 
foot,  so  an  average  of  10  tons  will  he  used.     The  hearing  area  on 
the  concrete  for  this  column  is    99.1/10  =  9.91  square  feet. 
This  makes  the  hase    3  feet  2  inches  square.     A  plate  one  inch 
thick  and    3  feet  2  inches  square  will  he  used  for  the  base* 
Under  the  column  at  the  west  end  of  the  building  it  is 
necessary  to  put  cantilever  beam  footings  in  order  to  keep  the 
footings  of  columns    6,  7,  18  and  19  inside  the  building  line* 
The  footing    under  columns    7  and  8  will  be  figured  as  an  example 
Pig.  8  shows  this  footing. 

The  load  of  column  No.  8  is  67.6  tons  and  of  column  No.  7 
is    111.35  tons.  By  taking  moments  about  R0  the  reaction  R-,  is 
67.6  x  13.5  -  111.35  x  30  /  13.5  =  42.3  tons.     R0  is  found  by  tak 
ing  moments  about        and  is    111.35  x  16.5  /13.5  =  136.0  tons. 

The  maximum  bending  moment  in  the  beam  occurs  at  R^  and  is 
(  67.6  x  13.5  -  42.3  x  13.5  )  x  12  x  2000  =  8,000,000  inch-pounds 
The  section  modulus  is  8,000,000  /  16,000  =  500.     Since  this  is 
larger  than  the  section  modulus  for  the  largest  standard  I-beam, 
more  than  one  must  be  used.     Three  24-inch  80-pound  I-beams  have 
a  section  modulus  of  532  and  will  therefore  be  used. 

The  sidewalk  beams  will  be  figured  in  a  similar  manner  to 
the  floor  beams.     Ths  formulas    S  =  3dwlV^f  °f  page  11  will  be 
used.    The  section  modulus    S  is  3  x  5.5  x  324  x  385  /  32,000 
=  64.4.     A    15-inch  60-pound  I-beam    has  a  section  modulus  of 
81.2,  and  will  be  used.     The  sidewalk  beams  are  all  15-inch 
60-pound  I-beams. 
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Art.  14.     DESIGN  OF  SPANDRELS. 

The  spandrels  will  be  designed  by  the  safe  uniform  load 
method.     The  attic  floor  spandrel  will  noiv  he  designed.  The 
weight  of  the  material  of  the  spandrel  is  uniformly  distributed 
and  is    12,200  pounds.     The  uniform  load  of  the  floor  is  9,600 
pounds  making  a  total  of    21,800  pounds  or    10.9  tons.  Prom 
Carnegie  it  is  seen  that  two    12-inch    20.5-pound  channels  will 
carry  this  load* 

The  remaining  spandrels  are  designed  in  a  similar  manner, 
and  are  found  in  Pigs.  9,  10,  12,  14,  15  and  16. 

Art.  15.  C0NLUSI0N. 

In  conclusion  it  may  be  said  that  the  method  used  in  the 
design  of  the  steel  work  of  this  building  is  only  one  of  several. 
The  live  loads  on  the  floors  is  taken  as  a  fair  average  of  those 
specified  by  several  of  the  large  cities.     In  designing  the  steel 
work  for  an  office  building  for  a  certain  locality  the  loads 
specified  for  that  place  must  be  used.     The  specifications  used 
in  this  design  are  those  compiled  by    The  American  Society  of 
Civil  Engineers. 
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COLUMrt  SHEET. 
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COLUMff    SHE  FT. 


Co/,   //a  T. 

Cols.  f/o.  8-9/0/ /-/a 

Col.  r/o  A2 

Load  on 
Cn/um  n 

 /  I—'  ///if 

Load  on 
J^nol i no 

load  on 
Colurnn 

L  ood  on 
Footing 

Load  on 
Co/omn 

L  oad  on 
Footing 

^> 

F'oof L  oad 

Spandre/ 
F/oor  L  ood 
Jz/evafors 

Weight  of  Col 

Total 

S40O 
1  7  400 
/4-SOO 

300 

4800 
I14-0O 
IOOOO 

300 

24  20O 
/300 

11 000 
/300 

7&00 

44000 

12000 
soo 

4300 
440OO 
S4-oo 

soo 

40  600 

3  2  SOO 

2650O 

18  500 

69  3  00 

GZ700 

is 

F/oor  Load 
Spandrel 
Weight  of  Col 

Total 

ie>6>oo 

2.4- OOO 
2>oo 

IZ400 

■24-000 
300 

33300 
J300 

Z/&00 
1  3  00 

/CB0O 
Z3ooo 
SOO 

/OS  00 
22000 

SOO 

6  3  30O 

6*2  00 

61  6O0 

4-J4O0 

1091500 

17000 

Ma+er/a/ 
of  Co/um  n 

?~e>-  tt.2sm g 

-2-jf."  P/5. 

2-7"-<?-7S* £■ 
7.-4-"  Pis. 

2-S-  11.2s"  o> 

2-&"Pk. 

% 

& 

Floor  Load 
Spandre  1 
Weight  of  Col 

Total 

1  (*400 
Z$200 
SDO 

Zi^-oo 
Soo 

303  00 

14-00 

2/800 
1400 

/SOOO 

24000 
soo 

/03  0O 
2-4-0  OO 
Soo 

12%  600 

109  100 

q  3  300 

64  6  00 

116/ 00 

152300 

% 

F/oor  Load 
Spandrel 
We/a  hi  of  Col 

To+al 

/SOOO 
2.4QOO 

soo 

II  700 

-x4qoo 
soo 

Z780O 
/<4oo 

2/300 
/4-00 

/38oo 
1  94oo 

SOO 

/0  8oo 

/QU-OO 
SOO 

164  000 

I4-6SOO 

JZ2-5  00 

S7  2O0 

12  2  2  00 

/63  000 

Material 
of  Co/omn 

2-3"-/t.2f*& 
1-  3/8"F/s. 

2  -  7"-  9.7S*T? 

2-8-ll?S*C* 
2-  7/i(,  "P/s. 

/ST  FLOOR 

F/oor  Load 
Spandrel 
Weight  of  Cot 

Total 

/430  0 
24-°  OO 
/200 

/ 1 200 
24-  400 
/ 200 

2C&00 

PiOO 

2/Soo 
IOOO 

Z3-2  00 
/4400 
1300 

(OS  00 
/f400 
l3oo 

2oq  too 

IS  3 1  00 

/SlOOO 

1  //SOO 

21  6>7  0  0 

144500 

F/oor  Load 
Spa  ndr&l 
weight  of  Col 

Total 

/3700 
26  700 
1  ZOO 

//  loo 
2  6  700 

/ZOO 

23~400 
/4oo 

2/SOO 
laOO 

/26>00 
24SOO 
/3oo 

/O&oo 

24SOO 
/300 

25' 0  7  00 

zzzioo 

178300 

I5S2  00 

2S5I  00 

23/100 

M  att^r  /  a  I 
of  Column 

2  -/<9"-/-5yZ? 
2-  V/6"/°/s. 

z-a~"-/3.2s3'L~s 
2-  Vs'  Fh. 

2  -/O  -/S* 
2  -  s/8  'P/s. 

I 
1 

Fool  In g 

Z2Z100 

/35200 

231100 

-27- 

COLUM/Y  -3rlFFT 


Co/    tfo.  /£ 

Co/  Wo.  /6 

Co/  no  17. 

Loa  J  on 
Ca/ a  m  n 

Load  oh 
Fao  //  sia 

Loac/  oa 
Column, 

Load  on 
Fioo  / /a?/? 

'  ( —  1 —     /  r  I 

Loac/  otn 
Co/o  mn 

C_-'  ft'/' 

/.oaa/  oh 

FooFt •  O/j 

1 

•< 

/LOO/    l>  Cs  CJ  CJ 

5£y  L/o/)/~  Load 
F/e  va/or  /oad 
Co/omn 
To/a/ 

73800 
l  200 

<?70O 
200 

7  00 
^£>0 

22200 
/2oo 
IO  oo  o 
loo 

/ /4  oo 

loo 

/OOOO 
200 

?2  2oc> 

1/ 4 CO 
O-O  O 

ob$oo 

%6S  00 

33COO 

2>»2#  OO 

2  2  voo 

121  oo 

Maferial  of 
C  a  J  u  hi  r->. 

t-*-ff. 

2-C*-  Z?s 
L*ff. 

2  &"-&*-/r5 

L.Aif. 

F/oor  J.oa  d 

Spandre/ 

Co/omrn 

Tofal 

S#ooo 

J-/0O 

36/oo 

U-oo 

t-l-O&OO 
34  ooo 

212.00 

34000 
a-oo 

Z1S00 
2G(00 
uoo 

/33oo 

2.6  /  Oo 
IfOO 

<?/3oo 

6-3  000 

1/3  <*°0 

e>alJ-oo 

7Uf00 

S  GQ0O 

/Voter i a  1 
of  Co/umn . 

2-7- <?-U*  & 
2  -£"P/s. 

2-  I'-OTS*  C% 
-Pis.. 

-2-h.  "P/s. 

Q 

F/oor  Load 
S pa  n  e/  r 
Co/onn  tn 

To  fa  /. 

Z2 /oo 

SO  o 

zo  Zoo 

SOO 

ZI00O 
20D0O 
SOO 

IS200 
2o  ooo 
soo 

1^3  oo 
Sero 

/o  3oo 
II  aoo 
S0~z> 

111100 

t>3$O0 

JfS/  oo 

I2S  /  OO 

/03  '  00 

14  boo 

p/oor  Loa  o1 
Spa  n  <d r<s./ 
Go/ u  nn  m 

To  fail. 

25<?oo 
SOo 

2.0  zoo 

<roo 

1*400 

SOO 

LSZoO 
So  o 

1  "i  /  o  o 
TOO 

/oioo 
SOO 

/046oO 

17  SO  oo 

)*4o%  OO 

/  f  6  7  OO 

a  of-oo 

tfaftrt'a  1 
of  Cofornn 

2~3-//.7S*l> 
2-s//6''  Ff*. 

2-8"-f/2Tl* 
■2-r//<s>Pte. 

1 

it! 

k 
O 

F/oor  Loa  a1 

Spa  nd  re./ 
Co/o  m  n 

To  fa  /. 

ZS3oo 

1 OOO 

2020O 

iooo 

/4</oo 
/ooo 

I5XOO 
IOOO 

nrcro 

/0  6O 

lOtOQ 

/  o  oo 

17  3/  OO 

1  2S°  OO 

/<?  s^oo 

IS7  OOO 

}2  0>2.  OO 

)ol  7  oo 

35 At.  floor 

F/oor  loa  at 
Span  dt€./ 
Co / o  nr>  n 

To  fa  / 

/OOO 

2-0  ZOO 
I  ooo 

117  OO 

1  o  oo 

/Sloo 

1  OOO 

12  Ooo 
IOOO 

io  "ioo 
/coo 

147100 

147 200 

2/  iflOO 

1132.00 

14-yzoo 

113  OO  o 

/rf  af€Z  n  a  / 

of  Co/omn 

2-iO-/S*-L> 

2-/0-/S* 
2-  V*  "P/s. 

2  -/o-/S*Ls 
■2'Vi"P/s. 

I 
I 

Foo  f  /  /?  q 

/4-TZo 

/73  200 

113,  ooo 

~^Q- 

CO/.OA7/Y  SHEET 


Co/,  rio  /3 

Co/  F/o.  Z/ 

Co/  /Yo.  Z2. 

Load  on 
Col  /  j  m  n 

Load  on 
Foofi  ffg 

Load  on 
Co/ornn. 

load  on 

Foo  L/ng 

Load  on 
Colomn 

load  on 
Foo//  n^ 

0 

fdoof  Load 
Spandre-1 
Floor  Load 
EJe  vafors 
VJt.  of  Co! 

Total. 

2S3oo 
4-400  o 
1  J 6>oo 

3  00 

l£*!00 
4-&00  0 

Si  00 
300 

4-3  Oo 
6>S~oo 

d>0(j> 

26  00 
2-1 100 
4-toOO 

3oo 

G>4oo 
/3  700 
4%oo 

5oo 

i/OOG 
/3VO  0 

<Z><ftOO 
3oo 

8&700 

73  3  00 

323  00 

2t7 OO 

202  06 

2.4-1  OO 

a; 
is 

Floor  Load 
Spandre./ 
Wi  of  Col. 

To/ a! 

1  (»2>oo 
2.3ooa 
3  00 

/OS  00 
2  *>ooo 
3  00 

4IOO 
23ooo 
300 

o~<?Oo 
23  00  0 
3  00 

737 OO 
I7000 
3oo 

SSd  O 
17  OO  0 

126-300 

10  1 1 00 

t>4-7 OO 

Si  Q0O 

6  1  2oo 

Si  OOO 

rfa-ter/a/  of 
Co/u m  n . 

2-$'-//.7S*  C* 
2-£"P/s. 

2  •  7-  W*  Cs 
Lath 

to 

Floor  Load 
Spandrel 

W-t  of  Co/. 

Tof  a/. 

2,H OOO 
c$0O 

/OS0c> 
2UOO  0 

600 

32  voo 

0  0 
3^.^00 
-400 

12.300 
2  o&oo 
4-00 

%&OQ 
ZOSOO 
A-  00 

1(9^4-00 

1*4-2100 

10S  7 OO 

f  £  6  OO 

q  4i  00 

2  1000 

a: 

F/oor  Load 
5  pa  ndre^l 
W-L  of  Co/. 

To  fa/. 

/3<#oo 
/4*too 
600 

iosoo 
lac^oo 
600 

7  Coo 
ilooo 
4000 

3-fOO 

nooo 
A-00 

<4&O0 
400 

36>  OO 
-4-o  0 

iqiioo 

/7i7  00 

1343  OO 

ill  4oo 

4  4  7  OO 

SS 0  00 

FO a+er/a  / 
o-f  Co/ornn. 

2-$"-  //rfn. 

7-g-//.7S*£* 

2-li."  Ph. 

% 

k 

V) 

\ 

F/oor  Load 
Sponc/r-c/ 
tyf.  of  co/. 

-To -La/. 

/a  $60 

i4*/oo 
/Aloo 

IOS0  0 
/<?<sOo 

7700 
/C  30  0 

foo 

S~<{0O 
/630O 
000 

^f-4-OO 

70a 

3Coo 
100 

IS  &  loo 

I</3  OOO 

IO+%  00 

2<?3oo 

id 

k 

F/oor  Load 
Spandrel 

l+f-f.  of.  Co/ 

To-f  a  1. 

!21oo 
/*/oo 

iosoo 

2*/SOO 

/*+0  0 

6>c?0O 

22000 

SfOO 

20.000 

QOO 

4-100 
700 

3  6*  OO 

700 

17  OS  OO 

2<fo4oo 

/  %  8 S00 

n/%00 

)0ll OO 

(j3  Go  0 

M  of  e  r/  a  / 
o-f  Co/u m F) 

"2-  10-10*  £s 
2  -  *//6  "  P/S. 

2  -/o-  /S* 
2-s/,(t-  PA. 

2-S  -I/3S* 
2-4  -/Vs. 

! 
I 

Foo/, i na  . 

2  A/ 0*4 00 

171  SOO 

43  600 

~2Q 

COLUMN  SHEET 


Col.  fia  /e 

Co/s  f/o.  /9  -ZO 

C0J5.  iVo  23-24 

load  on 

F, '/)/ /jm  n 

load  on 
F/)/)/~j  na 

Load  on 
fnlumn 

load  on 
F~>/~)  /  j  in/~> 

load  on 
Fso/um  n 

loaaf  on 
Fool  / 

% 

k 

F?  o  of  lood 
HL/eva/or  load 
Co/omn 

To/a/ 

6>SOO 
/O  OOO 
3oo 

<4oo  0 
10  000 
3o  0 

/3oo 

/oooo 
Xo  0 

20O 

/o  000 

O-OO 

1 

/OOOO 

2oo 
IO-00 

/OOOO 

Too 

/6>i6o 

/4-Zoo 

//Soo 

//  000 

1  i^oo 

/o  400 

Ma/&naf 
of  G  o  /  u  m  n 

/-a/F 

La//. 

2.-G"-8"  C* 
Fa//. 

F/oor  load 
Span  dr-e,/ 
G  of o  m  tn 

Tola/. 

23S~oo 
3  7S0O 

ioo 

IGooo 
3  7sTo  O 
&o  0 

1  7^00 
Soo 

J7*JOO 
TOO 

/OO00 
27/00 
SOO 

3000 
2.7/00 

7&  600 

&Oo 

24  4oo 

2  S  4  00 

y-q OOO 

41  SO  0 

Ma-ten  *  f 
of  Co  ) o  m  r~> 

2-7  -  #7J 
2-*-"  PA. 

"- 

Lai/. 

Pis. 

ft  » 

F/oor  Loa  d 
«5p       dte  1 
Co  1  o  nn  n  . 

T0+4I 

/2jroo 
2d  oOO 
•TOO 

400  0 
D 1  000 
J~0  a 

<F?-oo 
300 

axc° 

3o>o 

/ /3  boo 

So  0 

3#4  00 

3S^-aa 

F/oor  Joad 

Co/ 0  no  m 

To-/ a/ 

Jl-Foo 
<roo 

aooo 

/470  0 
xTOo 

//OOO 
ioo 

//  000 
3o  0 

14-SZoo 

1742,00 

 1  

SO  2  00 

H4~7oo 

fd&ter/a/ 

of  <Co/  0  m  n 

2-gV-//.lS* £? 
2-  V/6  Pf% 

■2  'U"P/l. 

% 

N 

F/oor  load 
Spa  n  a VcsV 
Go  1 U  m  D 

Total 

l/OOO 

/4  700 
/ooo 

400  0 
/470G 

/OOO 

SB  00 

t-t-OO 

a-OG 

111  000 

/Stfooo 

f<f  4-0  D 

S  SI  00 

K 

F/oor  Lo  a  d 

Spandrel 
C^o/ urn  n 

Tc*/-oj  1 

/OSOO 
1000 

aooo 

XcfOo 
1000 

/b/OO 
i+OO 

/&/OO 
UOO 

Zoeqoo 

7^400 

7f/4-0  O 

//?      &  / 
O-f  Co/ O  nn  n. 

2-/o"-/S*L5 
2-  3/s"Pls. 

2-1-  #.7r*/:s 
2  -     "  Ff&. 

1 
1 

Foo  -//ioq 

li*voo 

7f/Oo 

Fig It.     Section  through  Pi/a5ter  above  Fifth  F/oor 


ff 


9 


-31- 


Fia  /o     Spandrel  Secf/on  F/fth  Floor. 
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Lid — i 


F/'g  /2.  Spa nd re/  Section  Second  io  Fourth  Ftoor 


Fig  14-    Section  through  F intra ne  Arch  Second  F/oor 
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Fig  /s      Spandrel  Sect  ion    F/rsf  F'/oor. 


F/oor  Line 


Fig.  /6     Spandrel  Sec// on 

Fourth.  Fifth  and  /Itf/c  F/oor 
South  Wail 
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